We explore the developmental trajectory and underlying mechanisms of abstract relational reasoning. We describe a surprising developmental pattern: Younger learners are better than older ones at inferring abstract causal relations. Walker and Gopnik (2014) demonstrated that toddlers are able to infer that an effect was caused by a relation between two objects (whether they are the same or different), rather than by individual kinds of objects. While these findings are consistent with evidence that infants recognize same-different relations, they contrast with a large literature suggesting that older children tend to have difficulty inferring these relations. Why might this be? In Experiment 1a, we demonstrate that while younger children (18-30-month-olds) have no difficulty learning these relational concepts, older children (36-48-month-olds) fail to draw this abstract inference. Experiment 1b replicates the finding with 18-30-month-olds using a more demanding intervention task. Experiment 2 tests whether this difference in performance might be because older children have developed the general hypothesis that individual kinds of objects are causal -the high initial probability of this alternative hypothesis might override the data that favors the relational hypothesis. Providing additional information falsifying the alternative hypothesis improves older children's performance. Finally, Experiment 3 demonstrates that prompting for explanations during learning also improves performance, even without any additional information. These findings are discussed in light of recent computational and algorithmic theories of learning.
a b s t r a c t
We explore the developmental trajectory and underlying mechanisms of abstract relational reasoning. We describe a surprising developmental pattern: Younger learners are better than older ones at inferring abstract causal relations. Walker and Gopnik (2014) demonstrated that toddlers are able to infer that an effect was caused by a relation between two objects (whether they are the same or different), rather than by individual kinds of objects. While these findings are consistent with evidence that infants recognize same-different relations, they contrast with a large literature suggesting that older children tend to have difficulty inferring these relations. Why might this be? In Experiment 1a, we demonstrate that while younger children (18-30-month-olds) have no difficulty learning these relational concepts, older children (36-48-month-olds) fail to draw this abstract inference. Experiment 1b replicates the finding with 18-30-month-olds using a more demanding intervention task. Experiment 2 tests whether this difference in performance might be because older children have developed the general hypothesis that individual kinds of objects are causal -the high initial probability of this alternative hypothesis might override the data that favors the relational hypothesis. Providing additional information falsifying the alternative hypothesis improves older children's performance. Finally, Experiment 3 demonstrates that prompting for explanations during learning also improves performance, even without any additional information. These findings are discussed in light of recent computational and algorithmic theories of learning.
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Introduction
A growing literature indicates that children as young as 16 months of age are able to learn specific causal properties from contingency information and can act on that knowledge to bring about novel effects in the world (see Gopnik & Wellman, 2012 for a review). But when and how can children learn more abstract causal principles? The ability to quickly learn abstract and specific relations in tandem might explain how children acquire the impressive amount of causal knowledge evident in their early intuitive theories about the world.
In the current paper, we examine children's developing ability to infer an abstract causal principle -a relation between objects that causes an effect (i.e., the relation ''same" or ''different") -from a limited set of observations. Walker and Gopnik (2014) recently demonstrated that toddlers (18-30-month-olds) are surprisingly adept at learning and using these relational concepts in a causal relational match-to-sample (RMTS) task. In this study, children were assigned to either a same or different condition, and observed as four pairs of objects (two ''same" pairs and two ''different" pairs) were placed on a toy that played music. In the same condition, pairs of identical objects activated the toy while pairs of different objects did not. This pattern of activation was reversed for the different condition. During test, children were given a choice between two novel pairs: one pair of same and one pair of different objects, and asked to select the pair that would activate the toy. Children overwhelmingly selected the pair that was consistent with their training. These results suggest that the ability to reason about abstract relations is in place very early -emerging spontaneously only a few months after the first evidence of children's ability to learn about the specific causal properties of individual objects.
Walker and Gopnik's (2014) results are consistent with some research demonstrating early competence in abstracting samedifferent relations in infancy. In particular, research relying on looking-time and visual search measures suggest that infants as young as 7-and 9-months-old may be able to recognize data that http://dx.doi.org/10.1016/j.cognition.2016.07.008 0010-0277/Ó 2016 Elsevier B.V. All rights reserved.
